Climate change causes diverse disasters, such as landslides and debris flow, and civil engineering thus becomes a common strategy for prevention and remedy. Geotextiles are textiles that are made of polymer materials, and have a variety of functions. One common function of geotextiles is reinforcement that uses their mechanical properties to defend the externally exerted force or secure soils. Geotextiles have a large range of applications and for example are used as reinforcement in dikes, hillsides, and foundations. Additionally, geotextiles can be formed into different structures to meet the requirements of the environment. In this study, the recycled Kevlar selvages are combined with polyester (PET) and polypropylene (PP) fibers in order to form nonwoven geotextiles. The otpimal amount of Kevlar fibers is examined. PET cont. filaments are then laminated on the geotextiles that are made with optimal Kevlar amount, and then needle punched. The properties of the product are evaluated. The test results suggest that the addition of either Kevlar fibers or PET cont. filaments results in improvement in the mechanical properties of the geotextiles. 1
INTRODUCTION
Climate changes bring about extreme weather that has cause severe disasters, including landslides, debris flows, flood hazard, and sediment disasters. Engineering methods are commonly used to prevent the damages caused by the disasters and reduce the loss of lives and property. Geotextiles are made of polymer materials, and have many functions. According to different designs, various geotextiles have functions, including separation, filtration, drainage, reinforcement, protection, and barrier [1] [2] [3] . Nonwoven geotextiles are buried in soils to secure the soils. The high tensile capacity of the geotextiles provides the soils with lateral binding force. Due to the requirement by their applications, geotextiles should have extraordinary weather fastness and chemical properties, and therefore, they are usually made of PET and PP [4, 5] . When geotextiles are practically used, they are laminated in layers in the soils, and thereby reinforce the soils. Therefore, geotextiles have to bear the horizontal tensions and vertical forces. In addition, as there are sharp objects in the soils, geotextiles are also required to have anti-puncture strength and burst strength. In recent years, recycled Kevlar fibers have been used as reinforcement in order to improve the mechanical behaviors of geotextiles [6, 7] . Therefore, this study uses PP and PET fibers that are both commonly used for geotextiles, and also incorporates different amounts of Kevlar fibers to improve the mechanical properties of the geotextiles [8, 9, 10, 11] . The optimal fiber blending ratio is examined, after which the geotextiles are combined with a specified amount of PET cont. filaments. To determine the influences of PET cont. filaments, the mechanical properties of geotextiles are examined.
EXPERIMENTAL

Materials
PET fiber (Far Eastern New Century Co., Ltd, Taiwan.) has a fineness of 7 D, a length of 77 mm, PP fiber (Taiwan Polypropylene Co., Ltd, Taiwan) has a fineness of 3 D and a length of 50 mm. Recycled Kevlar fiber (Formosa Taffeta Co., Ltd, Taiwan) has a fineness of 1.5 D and a length of 50 ± 5mm. PET cont. filament (Universal Textile Co., Ltd.) has a fineness of 500 D. 
Sample Preparation
TESTING METHODS
Tensile Strength
This test follows ASTM D 5035-11 Standard Test Method for Breaking Force and Elongation of Textile Fabrics (Strip Method) that is used to measure the maximum tensile strength at break (N) of PET/PP/ Kevlar nonwoven geotextiles by using a computer universal testing machine (HT-2402, Hung Ta instrument Co., Ltd., Taiwan, ROC). The test speed is 300mm/min and the distance of the chuck pitch is 75 mm. A total of ten samples are taken for each specification. Samples have a size of 180 mm×25.4 mm, and are taken along the machine direction (MD) and cross-machine direction (CD). The data are collected for average value and standard deviation.
Tearing Strength
The maximum tearing strength of PET/PP/Kevlar nonwoven geotextiles is measured as specified in ASTM D4533-11. Samples are taken along the CD and MD, and a total of ten samples are used for each specification. Samples are prepared according to the trapezoidal scheme with an isosceles trapezoid being drawn in a sample size of 75mm ×150mm. The geotextile is held with clamps along the width of the trapezoid at 45°edges. The short base of the trapezoid is cut to a 10-mm depth in the middle. A computer universal testing machine (HT-2402, Hung Ta instrument Co., Ltd., Taiwan, R.O.C.) is used to measure the tearing strength with settings of the test speed being 300mm/min, and the distance between two clamps being 25mm.
Puncture Strength
A computer universal testing machine (HT-2402, Hung Ta instrument Co., Ltd., Taiwan, ROC) is used to measure the puncture strength of samples as specified in ASTM F1342-05. Samples have a size of 100 × 100 mm. The puncture mold damages the samples with a constant speed of 100mm/min in order to obtain the maximum force. A total of ten samples for each specification are used for the average value.
Burst Strength
The burst strength of samples is measured with a burst speed of 508mm/min via a computer universal testing machine (HT-2402, Hung Ta instrument Co., Ltd., Taiwan, ROC), as specified in CNS 12915. The samples have a size of 150 mm×150 mm. Samples are mounted without any ruffles on the machine and are affixed by the clamps. The descending burst mold damages the affixed samples and the burst strength of the samples is then recorded.
RESULTS AND DISCUSSION
Effects of Amounts of Kevlar Fibers on Tensile Strength and Tearing Strength of PET/PP/Kevlar Nonwoven Geotextiles
According to Tables 1 and 2 , the tensile strength and tearing strength of the nonwoven geotextiles are proportional to the amount of Kevlar fibers. However, when the nonwoven geotextiles contain 50wt% of Kevlar fibers, their tensile strength and tearing strength have a decreasing trend. Kevlar fibers lack crimpability and thus are different from PET and PP fibers. Crimpability contributes to the formation of webs, and enables the fibers to interlock and reach a complete structure. Kevlar fibers are smooth and straight fibers, and thus are not easily entangled with other fibers. A great amount of Kevlar fibers thus decrease the formability of the webs. As a result, the addition of 50wt% Kevlar fibers decreases tensile and tearing strengths as indicated in Tables 1 and 2 . In addition, the tensile and tearing strengths along the CD of the nonwoven geotextiles are higher than the tensile and tearing strengths along the MD. This result is due to the fact that the majority of fibers are arranged along the CD. 
Effects of Amounts of Kevlar Fibers on Burst Strength and Puncture Strength of PET/PP/Kevlar Nonwoven Geotextiles
According to Tables 3 and 4 , the burst strength and puncture strength of the PET/PP/Kevlar nonwoven geotextiles increase as a result of the increasing amount of Kevlar fibers. Kevlar fibers are mechanically stronger than PP fibers and PET fibers because Kevlar fibers are composed of a double benzene structure. The tests lead to (arouse/cause/bring about?) the friction between the mold and samples, and thus the samples have resistance against the mold. A high resistance means that samples can resist a greater externally applied force, and therefore, a high amount of Kevlar fibers contributes to higher mechanical properties. However, the burst strength and puncture strength decrease when the geotextiles are made of 50wt% Kevlar fibers. This result is due to the smooth and straight appearnce of Kevlar fibers, which prevents Kevlar fibers from entanglment and cohesion with other fibers. As a reult, the webs can not be completely formed. 
Mechanical Properties of PET/PP/ Kevlar Nonwoven Geotextiles as Related to the Addition of PET Filaments
As indicated in Table 5 , the combination of PET cont. filaments and 40wt% Kevlar fibers results in a significant improvement to different mechanical strengths. The increase in tensile strength is relatively smaller as samples are trimmed into strips, which breaks the majority of PET cont. filaments and are in the forms of segments and become staple fibers. Therefore, the improvement in tensile strength is limited. For the tear strength, the test samples have a large size, and are damaged along 45 degree, and the PET cont. filaments are thus fully exerted for to yield higher tear strength. For the puncture strength, when the probe penetrates samples, PET cont. filaments and nonwoven fabric have friction against the probe. The filaments and staple fibers both improve the resistance of the geotextiles, and thereby increase the puncture strength. For burst strength, adding PET cont. filaments to the nonwoven fabrics prevents the geotextiles from being torn apart and provides a greater resistance to the mold, due to the fact that filaments have high strength. In addition, PET cont. filaments and nonwoven fabrics are needle punched, which gives rise to the cohesion between them, and a complete structure of the nonwoven fabrics. The PET cont. filaments are high strength fibers, and therefore, such a combination improves the burst strength of the geotextiles. 
CONCLUSION
This study successfully produces PET/PP/Kevlar nonwoven geotextiles. Also, this study successfully combines the nonwoven geotextiles and PET cont. filaments, and examines the mechanical properties of the products. The test results indicate that increasing the amount of Kevlar fibers cause the mechanical properties of nonwoven geotextiles to increase within a range of 20 % to 40 %. When the geotextiles comprise Kevlar fiber that exceeds 40wt%, their mechanical properties decrease due to the physical properties of fibers. Therefore, the optimal amount of Kevlar fibers is 40 wt%. Moreover, the combination of PET cont. filaments with PET/PP/Kevlar nonwoven geotextiles via needle punching mechanically improve the geotextiles, which are exemplified by a 70 % increase in tensile strength and a 500 % increase in tearing strength, puncture strength, and burst strength. These results indicate the successful reinforcement of PET cont. filaments to PET/PP/ Kevlar nonwoven geotextiles. Finally, according to the experimental results, a certain amount of Kevlar fibers and PET cont. filaments can serve as a successful reinforcement for the mechanical properties of the geotextiles.
